ELECTRICAL MEASUREMENTS AND THEIR INDUSTRIAL APPLICATIONS 




VOLUME XXIII No. 2 JULY, 1948 

Copyright, 1948, General Radio Company, Cambridge, Mass., U. S. A. 



A WIDE-RANGE CAPACITANCE TEST BRIDGE 


e WIDE-RANGE is a term that has no 
absolute meaning and is perhaps used a 
hit loosely on occasions in technical and 
promotional writing. Nevertheless, there is 
little risk of criticism of its use to describe 
the Type Ibl 1-A Capacitance Test Bridge. 
This new bridge measures capacitance from 
1 iiiA to 10,(K)() ^f, a range of ten billion 
to one. Over this entire range an accuracy of iir(l% -b 1 ^fA) is 
maintained. 

The new bridge combines the functions of the older Types 740-B* 
and 740-BG* but improves on the performance of each in several 
important respects. In accuracy, sensitivity, and convenience the 
performance equals or exceeds that of both previous models. In the 
very important range below 1000 MMf» the performance has been 
markedly improved by the use of a unique zero-compensating circuit. 
For the measurement of electrolytic capacitors, the new bridge permits 
the application of a polarizing voltage from a grounded power supply, 
an important convenience feature. The sensitivity of the detector is 
controlled by the bridge unbalance in such a manner that balance can 
be reached with a minimum manipulation of the manual gain control. 

The panel controls and their location have been selected with ease 
of operation in mind. The less-used controls are near the top of the 
panel, the more used near the bottom where they are most accessible. 

The scales of the capacitance and dissipation factor dials are dirt'ct 
reading in capacitance and dissipation factor, and the indexes for both 
scales are visible through a single window. Since at the index both 
scales are veilical, both increase upward. Hence increasing readings are 
obtained for counterclockwise rotation of the right-hand knob, and for 
clockwise rotation of the left-hand knob. 

*Alth<iugh the Typb 740-BQ Capacitance Teat Bridge ha» been dwcnntinue<I. the Type 740-B 
matin available. Ita limited field uf imcfulneas, oa compared to the new briilge, is offiaet by ita low'er 
price. 
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The Basic Bridge Circuits 

The series-resistance capacitance 
bridge circuit is used, in which the 
unknown capacitance is measured by 
variable resistance arms against a fixed 
standard capacitor, and the dissipation 
factor of the unknown is measured by 
a variable resistor in series with the 
standard capacitor. In order to cover 
effectively the extremely wide capaci¬ 
tance range, two bridge circuits are used, 
differing in the value of the standard 
capacitance used and in the method of 
connecting voltage source and detector. 
The necessary changes in circuit con¬ 
nection are all made by the Capacit.\nce 
Multiplier control. 

Figure 2a show^s the basic circuit 
arrangement used for the four low'er 
multiplier positions (0.0001, 0.001, 0.01, 
and 0.1). Note that the voltage source 


is connected across the similar arms of 
the bridge. With this method of con¬ 
nection, the .sensitivity of the bridge 
depends upon the ratio of the two 
capacitances. The applied voltage and 
the detector sensitivity are such that 
satisfactory balance can be obtained for 
any ratio up to one hundred to one; 
that is, for unknown capacitances in 
the range from 100 /i/if to 1 jA. Below’ 
100 At/Ltf, the absolute sensitivity falls 
off inversely wdth capacitance, which 
means that the precision of balance can 
be expressed as a constant capacitance, 
in this case of the order of 0.1 /n/xf- 
This precision of balance is adequate 
for the capacitance balance but does 
not permit precise dissipation factor 
determinations for very small values of 
capacitance. 

Figure 2b show’s the arrangement 


Figure 1. Panel view of the Type 1611-A Capacitance Test Bridge with cover of cabinet removed. 
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used for the four higher multipliers 
(10, 100, KXX), and 10,000). Note that 
the voltage source and the detector 
have been interchanged as compared 
to the circuit of Figure 2a, and that 
the capacitance of the standard arm 
has l)een changed from 0.01 gf to 1.0 gf. 
In this method of connection the bridge 
SL'nsitivity is a function of the ratio of 
the n»si.stance Ra to the imp<‘dance in 
the .sUiiulard arm. I’nlike the circuit 
of Figure 2a, the sen.sitivity of the 
circuit in Figure 2b does not change as 
the ratio arm Rn is changed. Optimum 
sensitivity would be attained with the 
im|M*dance of the standard arm e(|ual to 
the re.sLstance /?^. The latter is vari¬ 
able, however, being the balancing arm 
of the bridge, and, accordingly, the 
sensitivity varies with the setting of 
this arm. The reactance of a capaci¬ 
tance of 1 /if at 60 cycles is 2650 ohms, 
and maximum .sensitivity is attained 
when the Ra equals this value. Actually 
the main decade of the A-arm rheostat 
goL's from KKM) to 10,000 ohms, so that 
the sensitivity is optimum at about 
mid-scale and changes relatively little 
over the lange. 

Bridge Voltages 

Because of the very wide range of 
input impedance presented by the 



Umft) Figure 2a. Botic bridge circuit used for 
the four lower multiplier positions. 

(Above) Figure 2b. Circuit for the four higher 
multiplier positions. 

bridge, no single source of voltage can 
be capable of efficiently supplying test 
voltage for all ranges. Ideally a separate 
source of proper impedance and voltage 
might be provided for each multiplier 
position, but an excellent compromi.se 
is obtained by providing four separate 
sources, one for each pair of the eight 
multiplier positions. For each pair of 
po.sitions, a resistance is placet! between 
the bridge and the vtjitage source such 
that the same power is d(*liven*d to tlie 
bridge for each position, 'rhe required 
value of resi.‘<tance is, of course, the 
geometric mean of the two values of 
bridge im|jedance. The voltages for 
the four sources are st) chosen that, with 
these series resistances, the maximum 
safe power is delivennl to the bridge for 
any setting of the multiplier. Figui*e 3 
.shows schematically the arrangement. 
The pro{)er source is sfdected by a switch 
mechanically connected to the switch 
that controls the multiplier ratio of the 
bridge. 

The Defector 

The detector system consists of a 
single stage of amplification and an 
electron-ray tul>e uschI as a visual null 
indicator. The amplifier is made .selec¬ 
tive to the operating frequency by a 
parallel resonant circuit in the plate 
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circuit of the amplifier tube. The 
detector i.s designed to be very sensitive 
when the bridge is at or near balance, 
l.>ut relatively insensitive when the 
bridge is out of balance. This is 
accompli.shed by a remote cut-ofT type 
of electron-ray tube in conjunction with 
a voltage-sensitive resi.stance element 
(thyrite) .shunting its input. As the 
bridge approaches balance, the voltage 
impre.ssiHl on the thyrite element is 
l•educed. The resi.stance-voltage char¬ 
acteristic of the latter is such that the 
resistance approaches a ma.ximum value 
as the applied voltage approaches zero. 
Consequently, as the voltage is reduced, 
the gain of the system increases because 
the resistance element in question is 
located in the plate circuit of a high- 
impedance tube (see Figure 4). 

The indicator tube (Type ()U5) is 
mounted in a slotted cylinder and held 
in position by a thuml).screw. When 
the bridge is u.sed in very brightly lighted 
locations, or when the brilliance of the 
^^eye” has been minced with age, the 
tube may be .slid back in its mounting 
to provide additional light shielding. 

Compensating Circuits 

Any loss in the standard capacitor 
causes the bridge to read low in dissipa¬ 
tion factor by an amount equal to the 
dissipation factor of the standard capac¬ 
itor. Although this value does not 
exceed 0,0003, it must be compensated 



Figure 3. Arrangement of power supply switch¬ 
ing to obtain the maximum safe power for 
each multiplier position. 


for in or(ler to realize the maximum 
accuracy of the bridge. C’ompen.sation 
is ac(;omplished by connecting fixetl 
capacitors across the resistors in the 
opposite arm, of such value that the 
pr(Kluct equals the dissipation 

factor of the stamlard capacitor. 

A now method of compensation is 
u.sed to eliminate the efTects of the zero 
capacitance and los.ses across the un¬ 
known terminals. It is this compen.sa- 
tion which makes possible accurate 
direct measurenumts of capacitance and 
dissipation factor obtained on the lowest 
multij)lier position, without “zero” cor¬ 
rections. 

As shown in Figure 5, voltages of 
adjustable magnitude are fed to the 
bridge output through a capacitor and 
a resistor. These voltages are adjusted 
to cancel the unbalance voltage pro¬ 
duced by the zero capacitance. They 


Figur* 4. Elementary schematic diagram of the null detector. 
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Figur* 5. Schcmotic diagram of circuit ut*d to 
concal th« unbolonc* voltog* productd by th« 
z«ro capacltoncs. 


also serve ttt eomiK'iisale partially for 
any leakaj^e through the bridge trans¬ 
former as well as for any small \'oItage 
induced in the amplifier through capaci¬ 
tance coupling to high-voltage leads. 

The theory upon which this com¬ 
pensating method is based is fis follows. 
C'oasider the network of P^igure (> where¬ 
in a voltage E' is coupled through an 
admittance t(» the detector terminals 
of the four-arm bridge network ener¬ 
gized by th(‘ voltage E. The condition 
of balance (zero potential across ter¬ 
minals -I A*) is most easily deter¬ 
mined by consifleritig the short circuit 
current acrass the detector terminals. 
'Phe bridge itself pnxluces a current 
most conveniently e.xpressed in admit¬ 
tance form as 


* ^Yi -f F 2 -f- Fa -f K 4 
The circuit Fs >nelds a current equal 
to E'Ys^ Equating the sum of the 
(Uirrents to zero and designating as 
a the ratio E*/E, we have the following 
e.xpression: 

F,F4- FaFa-h 

a)^5(F, -f )'2 4- )'3 + Y,) = 0 (2) 


Figur* 6. Equivalanf circuit of th« bridge ond 
compensating circuit. 


'Phis can conveniently be rewritten in 
the equivalent form 

(F, -h aYa) (Y4 -f- aY^) = 

(} 2 “ a) 5) (I'a — or] 5) ( 3 ) 

Eciuation (3) .‘?tatc*s that the network 
of P'igure G Indiaves at balance as if an 
admittance a)\ were connei*tetl in 
parallel with each arm. Of these ficti¬ 
tious admittancas, two are positive and 
two negative with the choice of sign 
depending on the polarity of the two 
voltages involved. 

H(‘ferringspecifically to the bridge net¬ 
work used in the Typk Mill, it is swn 
that, by projK*!- choice of the coupling 
admittance and the voltage, an effective 
negative capacitance and negative 
parallel resistance are pnaiuced across 
the unknown terminals to neutralize 
the real capacitance and resistance that 
e.xist there. Simultaneously, the same 
effw'tive capacitances are placc<l across 
the standard arm of the bridge, but the 
circuit capacitance there is I(),(KK) /umI'i 
and the elTect «)f the introduced a<lmit- 
tance is for piactical purpose's negligible. 
Across the n^sistance arm /^.i, then* is 
al.so produced an etTective negative 
capa(*itance. 'Phis serves partially to 
neutralize the real capacitance that 
e.xists across this resistance arm anti to 
this extent improves further the accuracy 
of the circuit. Across the fourth arm 

the introduced capacitance is positive 
and would act to produce an error in 
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(lisf«ipation factor; but, as has been 
pointed out previously, capacitance is 
required across this arm to neutralize 
the losses in the standard capacitor. 
Therefore, in three of the four bridge 
arms, the elTect of the added circuit is 
l>enehcial and in tlie fourth arm it is 
negligible. 

The compensating circuit is effective 
for leakage through the bridge trans¬ 
former and extraneous pickup in the 
amplifier to the extent that these can be 
represented by a voltage acting through 
a fixed impedance to the amplifier input. 
.\ll of the e.xtraneous effects together 
with the deliberately introduced voltage 
and admittance can be combined and 
represented as in Figure 6 . 

The equations as wTitten have been 
in terms of voltage impressed on the 
bridge circuit, i.e., we have a.ssumed 
a zero-impedance generator. Actually, 
of course, the magnitude and phase of 
the voltage impressed on the bridge 
change as the bridge arms are manipu¬ 
lated, thus making the compensation less 
effective. However, the shift of phase 
and magnitude is not signili(‘ant exce]3t 
when the capacitance being measured is 
so large that the zero effects and the 
.stray pickups are inconsequential. 

Circuit Elements 

Several of the components useil in the 
bridge, in order to realize the accuracj' 
and the direct-reading features, are a 
little unusual and are briefly described. 

*\s previously noted, two standard 
capacitors are used, 0.01 /xf for the four 
low ranges and 1.0 nf for the four high 
rnnges. These are special units made 
up using polystyrene tape for the 
insulating material. They are each 
made up of two units paired to yield a 
total capacitance within =t0.25% of 
the <lesired value. The 0.01 gf unit is 


mounted in a low-loss phenolic case as 
used for Type 505 Capacitors. The 
elements making up the 1.0 ^f unit are 
hermetically sealed in cylindrical metal 
containers of the type commonly used 
for electrolytic capacitors. iSpwial heat 
treatment, aging, and impregnation 
result in a standard of unusualh^ high 
leakage resistance and low dielectric 
losses. 

Two rheostats (one for each standard 
capacitor) are tised to balance the 
dissipation factor and are ganged to a 
common shaft. Each rheostat winding 
consists of two tapered sections with the 
resistances of these sec^tions so chosen 
that the resulting .scale permits precise 
readings at low values of dissipation 
factor while at the same time retaining 
the convenience of having the entire 
range on a single scale. I’he scale is 
pre-engraved and foin* adjustable shunt 
resistors are provided, one across each —- 
section of each rheostat to bring the 
actual resistance into agreement with 
the value recpiired by the scale. 

In .some applications, as for instance 
in measuring many electrolytic capaci¬ 
tors in the range 1000-10,tXK) ^if, 
dissipation factoi's in e.xcess of 30% are 
encountered. For these values, pro 
vision is made in the bridge for switching 
into the standard arm additional tixed 
resistors which extend the range to 60%. 

The variable resistor /f. 4 , by means of 
which the capacitance balance is ob¬ 
tained, is the same unit that has been 
used previously in thousands of General 
Radio impedance and capacitance 
bridges. It is a tapered rheostat having 
a total resistance of approximately 
11,000 ohms with the taper so chosen 
that the scale of the dial is essentially 
logarithmic. An adjusting plate and ^ 
cam are built into the unit, which 
permits an adjustment of the position 
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of the arm with respect to the dial at 
several iK)ints. As adjusted at the fac¬ 
tory, the resist:ince in kilohnis corn*- 
spoiids to the dial reading within d=0.5% 
over the main decade from 1.0 to 10. 

Applications 

This new bridge is suitable for use in 
the electric power industry for the 
testing, in the shop, of the dissipation 
factor of bushings and insulators and of 
the insulation of electrical equipment 
in general. In making measurements 
on such large, unshielded structures, 
voltages may be induced electrostat ically 
which will shift the balance of the bridge. 
A switch is provided which peimits 
reversing the te.st voltage with respect 
to the interfering voltage. The correct 
capacitiiiice and dissipation factor can Ije 
computed from the two sets of readings 
taken for the two positions of the switch. 
In most cases the calculation consists 
merely of taking the arithmetic aver¬ 
age of the tlirect and reverse n^adings. 


In addition to its uses for the testing 
of insulators and of components, the 
Type 161 1-A Capacitance Bridge should 
find wide application in chemicnl and 
plastics laboratories for measuring the 
dissipation factor and dielectric (!onstant 
of both solid and liquid dielectric 
materials. The accuracy of dissipation- 
factor reading is adequate for all but 
extremely low-loss materials such as 
polystyrene, mica, and good electrical 
grade ceramics. Kven for these ma¬ 
terials, the dielectric constant can l)e 
evaluated accurately. It should be 
noted that the usefulnes.s of electrical 
tests of this kind is not limited to 
insulating materials. Increasing use is 
being found for electrical measurements 
on materials destined for uses other than 
electrical. Product control and the 
checking of batch-to-batch uniformity 
of material on the Imsis of electrical 
constants is one application tiuit shows 
increa.sing promise of usefulness. 

- Ivan G. Easton 


SPECIFICATIONS 


Copocttonco Ronoet 0 to 11,(KX) /uf, covered by 
•M^bt multiplier Hteps and an approximately 
logarithmic, direct-reading dial. 
DisKipotion-FQCtor Ronge: 0 to 60% (at (K) 
cycles), covered by a dial having an approxi¬ 
mately logarithmio scale with a range of 30%, 
and a switch that adds a fixed value of 30%. 
Copocltanc* Accuracy: :±:(1%+ 1 over the 
entire range of the bridge. 

Dlstlpotlon Factor Accuracy: ^(2% of dial read¬ 
ing 0.05',4 diKsipation factor). Power Fm> 


for = - where D == dissipation facUir. 

V I -f * 

Saniitivlty: The sensitivity is such that luiy 
capacitance in the range HX) /i^cf to 10,0(X) 
cmi be balanced to a precision of at least 0.1 %. 
Tamperatura and Humidity IfFacts: The roid- 
iiigs of the bridge are umiffected by temjjera- 
turc ami humidity variations over tne range of 
room conditions normally eii(*ountered (65® T 
to 95" F, 0 to 90% RH). 

A-C Voitaga Applied to Capocitanco under Totti 

The voltage iiiipreased on the unknown capaci- 
tiuiee varies from a maximum of appn)Ximately 
125 voita at UK) ^^f to less than 3 volt<« at 

_ 


I6n-A 


Capacitance Test Bridge 


10,(X)0 fli. The circuit is so iirranged that a 
miiximum of one volt-ampere of reactive power 
is delivered to the sample. 

Polarizing Voltoge: Teriniiud.s are provided for 
connecting an extermd d-c pdarizing volti^e. 
The maximum voltage that should be im¬ 
pressed is 500 volts. 

One of the terminals is grounded so that any 
a-e operale<l piwer supply with grounded out¬ 
put can he used. The terminal capacitances of 
the power supply do not affect the bridge 
circuit. 

Power Supply Voltogo: 105 to 125 (or 210 to 
250) volts, 60 eyeries. 

Power Input: 15 watls. 

Acceciories Supplied: Line ctiiiiiector cord. 
Mounting: Portable carrying c:isc of lu^.<ige- 
type construction. Case is completely shidded 
to insure freedom from electrostatic pickup. 
Vacuum Tubei: One each OX&'GT, 6SJ7, and 
6U5. All are supplied. 

Not Weight: 30' ^ pounds. 

Dimensions: (Width! Htj X (depth) 16 x 
(height) 10 inches, overall, including cover and 
handles. 

Codf Word _ Price 

.I KoiiUM I $375.00 
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MISCE 

VACATION — During the weeks 
of July 2G and August 2 most of 
our employees will be vacationing. 
Manufacturing departments will l)e 
closed, and other depjirtments will 
be manned by a skeleton staff. 
Every effort will be made to take 
care of urgent bu.siness, but re¬ 
pairs cannot be made, except in 
hardship cases. Our Service De¬ 
partment requests that shipments 
of material to be repaired be 
either scheduie<i to reach us well 
l)efore this vacation period or delayed 
until afterward. 


LLANY 

TECHNICAL PAPER — “Evalua¬ 
tion of Hysteresis Core Ix)ss by Power 
Equations,“ by Honvtio W. I.am.son, at 
the 1948 .\nnual Meeting of the Ameri¬ 
can Society for Testing Materials, 
Detroit, June 22. 

RECENT VISITORS to our plant and 
laboratories include — 

J. L. Tora, Instructor in Electrical 
Engineering, I. C. A. I., Madrid; Jose 
M. Rubiato, Assistant Profe.ssor, Uni¬ 
versity of Madrid; Eugenio Mendez, 
Instructor, E. S. I. M. E., of Mexico, 
D. F.; and P. R. Desikochar, Engineer, 
All-India Radio, Bangalore. 


^T^IIE General Radio EXPERIMENTER is mailed without charge each 
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